


Modular 
Dot Matrix Display 


PC interface to the COM port 


Design by A. Kohler 


Moving signs are acommon enough sight today but off-the-shelf units are 
invariably expensive and somewhat inflexible. The six-character module 
described in this article can be cascaded up to 16 modules long and has 
a character set that can be customised to suit your application. 





The dot matrix moving sign module pre- 
sented here has a six character display area. 
A maximum of 16 of these modules can be 
cascaded together to produce a 96-character 
display. The PCB layout for the module can 
accommodate 5x7-M atrix displays with a dis- 
tance between the rows of pins of 33.0 mm 
(30 mm character height) but larger or smaller 
displays may also be fitted by using adapter 
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boards, if the LED matrix is electri- 
cally compatible, of course. 

The big advantage of building 
this moving sign yourself is that the 
cost of the finished article is much 
less than that of a ready-built unit. 
Most of the ICs used in the design 
are widely available and relatively 
cheap. The passive components are 


all standard and an AT89C2051 with 
Flash-memory is not the most expen- 
sive microcontroller. The main item 
from a cost point of view is the type 
of LED matrix displays that are used. 

The microcontroller that controls 
the display module has a character 
set of 95 characters. The pre-pro- 
grammed controller is supplied with 
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Figure 1.The circuit diagram of a dot-matrix module. 


the standard character set contain- 
ing punctuation marks, symbols, 
numbers and the alphabet (in upper 
and lower case) but there is also the 
possibility to program your own spe- 
cial characters and implement sim- 
ple graphics. 


Display Multiplexing 


A separate 5-V mains unit supplies 
power for this module. Each dis- 
played character is made up of a 5x7 
or 8x8 LED matrix. Assuming that 
each LED requires a current of 
10 mA, this gives us a worst case 
current consumption of 350 mA or 
640 mA for each character. M ultiply- 
ing this value by six for the six char- 
acters of each module may cause 
fear for a hefty power supply. In 
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order to reduce the current required 
for the module — and to simplify the 
hardware and wiring necessary to 
drive the LEDs — this design uses 
multiplexing. This technique 
switches on the driver transistor for 
each horizontal row of LEDs in the 
matrix sequentially. If the lines are 
switched quickly enough then your 
eye will not see the flickering and 
they will appear to be continuously 
lit. The trade-off is that because each 
row of the character is only on for 
one seventh (in practice less) of the 
time that it would be if it were con- 
tinuously lit, the display will not 
appear as bright. In practice the LED 
driver must also be blanked while 
each new row of information is 
shifted into the display shift regis- 
ters. To offset the reduction in dis- 
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play brightness the LED current has been 
increased. 

Looking at the circuit diagram shown in 
Figure 1 it can be seen that the column infor- 
mation for the display LEDs is supplied by 
the outputs of the six shift register ICs type 
74LS164. Only five outputs are used on each 
shift register. The seven display matrix rows 
are selected by the three outputs of the micro- 
controller (P1.0 to P1.2) which control a one- 
of-eight decoder type 74LS138 (1C2). Two port 
lines from the microcontroller control the shift 
registers. Port 1.7 is the data signal while 
P1.6 produces the clock signal. The reset 
inputs to the shift registers are not used — in 
this application it would have the effect of 
turning on all the LEDs in the matrix. 

The display process begins by the con- 
troller selecting the ‘invalid’ line 8 output of 
the display line driver (IC 2). The effect of this 
is to turn off all the LEDs. This is necessary 
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to blank out the passage of serial data 
through the shift registers which would oth- 
erwise cause all the LEDs to flicker dimly. The 
microcontroller will take the ASCII code of the 
character to be displayed from its internal 
memory and uses this value to access its cor- 
responding display pattern in a character 
generator. The controller will then take the 
first line of the display pattern and send it out 
serially to the display shift registers. Any bit 
in the pattern that is ‘1‘ will turn the LED off, 
any bit that is a ‘0’ will turn the LED on. The 
controller also generates the clock to transfer 
this serial data into the shift registers. This 
process is repeated for the first line of the 
other five display characters. After this the 
transistor driving the first row (R1) is 
enabled. All of the shift register outputs that 
are low will cause these LEDs in the first line 
to light for a short period until the row driving 
transistor is turned off. The same process is 
now repeated for the second row up to the 
seventh when the whole process is repeated. 
This is repeated until the PC sends a new 
character. 


The circuit design 


Looking at the details of the circuit we can 
see that the row addressing is performed by 
the 74LS138 (IC2) with active low outputs. 
PNP Transistors T2 to T8 are switched on 
when one of the outputs of IC2 goes low. 
Each transistor collector is connected to the 
anodes of a complete row of LEDs while the 
outputs of the shift registers (IC 3 to IC8) are 
connected via current limiting resistors to the 
cathodes of each column of LEDs. These LS 
series shift registers should be capable of 
sinking 8-10 mA on their outputs. 

The LED dot matrix displays suggested for 
this design (Kingbright TC12-11 range) cer- 
tainly produce the neatest finished product 
and also guarantee close matching of the 
LED's brightness. The Kingbright TC12- 
11HWA is stocked by Conrad Electronics and 
can be ordered from w ww.conrad-electron- 
ics.com. Unfortunately they are not really 
intended for multiplex operation. The light 
intensity of the LEDs are rated at 560 - 
1400 ucd which is quite low. Even if the drive 
current is increased to 40 mA we only 
achieve a doubling of the brightness. The 
value of the current limiting resistors R8 to 
R37 can be reduced to 220 Q if the display is 
not bright enough for your application. RS 
components stock the excellent hyper red 
matrix type TC12-11SRWA currently priced at 
£6.14 each and they can be ordered on-line 
from ww w.rsw w w.com from their Electro- 
mail subsidiary. Kingbright also produce LED 
matrix’s in the same series with different 
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colours but these may be difficult to 
obtain in small quantities: 


TC12-11 Light intensity colour 
Lcd (1-=10 mA) 
min - typ. 
HWA 560-5600 Red 
YWA 2200-5600 Yellow 
SGWA 3600-9000 Green 
EWA 3600-9000 Super red 
SRWA 5600-14000 Hyper red 


Another alternative is to make up 
your own LED matrix using individ- 
ual LEDs. It is advisable to use ‘low 
current’ types as these will emit the 
same light intensity at 2 mA as a 
standard LED at 10 mA. The main 
disadvantage of this method is the 
time and patience needed to solder 
all the LEDs to form an accurate 
matrix. 

Each display module has its own 
address. A four-way DIP switch (S1) 
defines the binary coded address of 
the module (0 to 15) and is read by 
the controller at port pins P3.2 to 
P3.5. The serial data line from the PC 
is connected in parallel to each mod- 
ule and this switch setting is used 
by the controller on each module to 
ensure that only the correct part of 
the message is used by that module. 
The LSB switch position of this 
address is between pins 1 and 8 of 
S1 and each contact is closed when 
the slider on the top of the switch is 
nearest IC1 (assuming that you have 
mounted S1 the right way round). 

The RS232 interface is a little 
unconventional in that it does not 
use the ubiquitous MAX23z2 interface 
chip. In this application data flows in 
one direction only so a simple tran- 
sistor is used as the most economical 
solution. Input resistor R7 is used to 
limit the input current when the PC 
drives the data line high. Diode D1 
limits the negative input voltage at 
the transistor to approximately minus 
0.7 V when the data line is driven 
low. Transistor T1 inverts the signal 
on the data line and applies it to 
input port 3.0 of the microcontroller. 

This design operates without any 
handshaking protocol between the 
PC and the display module, but it is 
still necessary to connect the unused 
pins of the COM port to the correct 
signal levels so that the PC knows 
that the module is always ready to 
receive data. Some PCs are fitted 
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Figure 2. Wiring details of the COM 
port connector. 


with a 25-pin connector while others 
have a 9-pin. For those with a 25-pin 
connector it is necessary to link pin 4 
with pin 5 and also to link pins 20, 6 
and 8. For those with 9-pin connec- 
tors it is necessary to link pin 7 with 
pin 8 and also to link pins 1, 4 and 6 
(see Figure 2). 

Communication from the PC to 
the module takes place at 9600 baud, 
with no parity bit, 8 data bits and 
one stop bit. The microcontroller 
clock is supplied by a standard 
22.1184 M Hz crystal (X1). Other crys- 
tals can be used but this would 
require a change to the initialisation 
routine of the microcontroller. 

The complete module is pow ered 
from a single 5 V power supply. The 
LS-TTL chips used in the circuit con- 
sume almost 200 mA in their quies- 
cent state. The LEDs will take 
approximately 10 mA each and 
because of the multiplexing only 30 
LEDs (maximum) will be lit at any 
one time this gives a current of 
300 mA. Adding this value to the 
200 mA required for the control cir- 
cuitry we arrive at a current supply 
of 500 mA at 5 V. 

Figure 3 shows the layout of the 
PCB. We have not tried to cram 
everything into the smallest space, 
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Figure 3. PCB Layout and component placement. 


COMPONENTS LIST 


Resistors: 

R1-R5 = 10kQ 

R6, R38-R44 = 2kQ2 
R7 = 33kQ 

R8-R37 = 330Q 


Capacitors: 

C1,C2 = 18pF 

C3,C4 = 10uF 16V radial 
C5,C6,C7 = 100nF 


Semiconductors: 
D1= 1N4148 


the components are placed to sim- 
plify construction. The PCB is not 
double-sided so there are seven wire 
links to be placed on the circuit. The 
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LD1-LD6 = TC12-11SRWA (Electro- 
mail) or TC12-11H WA (Kingbright, 
Conrad Electronics) 

Tl = BC547 

T2...T8 = BC640 

IC1 = 89C2051-24PC, programmed, 
order code 010021-41 

IC2 = 74LS138 

IC3-IC8 = 74LS164 


Miscellaneous: 

S1 = 4-way DIP switch 

X1 = 22.1184MHz quarz crystal 
Disk, order code 010021-11 


shift registers (IC3 to IC8) are 
mounted directly under the matrix 
LEDs so it is important to fit them 
carefully to the PCB without using 








O 


bool bool v| 








sockets. Sockets should how ever be used for 
all the remaining IC’s and the LED matrix 
chips themselves. As always, make sure that 
you give the finished board a thorough visual 
inspection after you have soldered all the 
remaining components to the PCB. 


The Controller Software 


The microcontroller mounted on the display 
module requires a program to receive the dis- 
play information from the PC and to control 
the hardware. The software is available as a 
free download from the Elektor Electronics 
web site at www.elektor-electronics.co.uk. 
Along with the fully commented Assembler 
source code there is also the hex file ready to 
send to your device programmer. The con- 
troller is available pre-programmed from 
Elektor Electronics for those constructors 
who do not need to ‘tweak’ the code in any 
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Figure 4: 


REM Demo program for driving dot matrix display 


REM using LEDs in 5*7 Matrix 

REM Text 

REM until the readout 

REM key activity detected 

REM -M 

REM Init interface 

REM —-----—--—-—-—-—-—-—-——--————— 
OPEN “COM2:9600,N,8,1,CS, DS" 
PRINT #1, CHR$(12); 


GIES 
LOCATE 10, 10 


is shifted fromright to left 
is cleared again 
REM Then a pause of 1 s and repeat 


loop if no 


FOR OUTPUT AS #1 


PRINT “Demo program for Running Text" 


LOCATE 12, 10 


PRINT “Stop by pressing any key” 
Z$ = “Circuit developed for Elektor by Andreas Koehler." 


REM —-—---—--—---—-——_--—____—_. 
REM Output loop 
REM —-—---—--—---—_——_-—_______. 
M2: V = 0 
M3: FOR ZA = V +170V +12 
PRINT #1, MID$(Z$, ZA, 1); 
NEXT ZA 
V=eVil 
FOR ZT = 1 TO 50000 
NEXT ZT 
PRINT #1, CHR$(12); 
IF V < LEN(Z$) THEN GOTO M3 
Sleek (1) 
A$ = I NKEY$ 
IP A$ = "" GOTO M2 
END 


Figure 4. BASIC Program to produce a running message. 


way or do not have the means to program a 
chip themselves. 

The controller softw are begins by initialis- 
ing the stack pointer, the received serial data 
register and the timer register. The PBE rou- 
tine is performed once during initialisation 
and reads the value of the DIP switch to find 
out the address of the module. An arithmetic 
and logic calculation is performed to work out 
the position of the characters in the received 
data stream that are intended for this mod- 
ule. The next five characters are loaded simi- 
larly into the memory. The LOE routine clears 
the display by sending out a Series of 1's in 
the data stream that will turn off the outputs 
to the shift registers and also put an invalid 
address on the input of IC2. This has the 
effect of turning off the entire row driver tran- 
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sistors. The counter register that is 
used to unload the serial data from 
the PC is reset and the registers 
holding the display characters are 
cleared to ensure that they do not 
contain any random information. 
After resetting the hardware the dis- 
play will have a blank display and 
the module will be ready to accept 
display characters over the serial 
interface from the PC. When ASCII 
characters arrive at the controller, 
the SERIN interrupt routine will be 
started. The first character is tem- 
porarily saved to a register and after 
incrementing the receive character 
counter the character is checked to 
determine if it is the control charac- 


ter OChex (form feed). If it is then we 
jump to LOE where the display will 
be cleared and the receive character 
counter reset. Another test is per- 
formed in SERO to check if the 
received character is greater than 
20hex any character less than this is 
invalid and would cause the charac- 
ter generator table pointer to point 
to a program code address rather 
than the character generator table 
resulting in a invalid display pattern. 
Other methods of character genera- 
tion are too processor intensive and 
cause the display to flicker. SER1 
tests if the received character is 
intended for this display position 
and checks that the address of the 
module calculated in the PBE rou- 
tine, if there is no match then the 
routine will be exited and only the 
character counter will be incre- 
mented. The character will only be 
loaded into the register to be dis- 
played if it is intended for this posi- 
tion and less than 20hex. 

After receiving and checking the 
ASCII code for the character it will 
be converted into the correct display 
pattern. A program loop calculates 
the information of each display row 
from the ASCII character and the 
character generator table and stores 
it in register A. The ANZ routine 
shifts the character row information 
serially into the shift registers and 
also generates the clock. This 
process is repeated for each of the 
six display registers R2 to R7. 

When a complete row is loaded to 
all of the shift registers, the line driver 
transistor will be switched on by 
sending the binary code corre- 
sponding to the line number to IC2. 
After this display period, the ‘invalid’ 
address code of 08 is sent to IC2 this 
will switch off all of the transistors. 
The next line will now be sent to the 
shift registers and this will continue 
for all of the seven rows of the dis- 
play. The whole process is then con- 
tinually repeated from the start. 


The PC Software 


If we take a look at the other end of 
the RS232 cable we can see that we 
need a PC running some sort of ter- 
minal program. This type of program 
will convert the characters to be dis- 
played into ASCII and send them 
serially over the cable. Your PC will 
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Customise your symbols 


In order to design your own symbols it is nec- 
essary firstly to have a copy of the controller 
program code (punzelek.a51). The procedure 
is relatively simple, all you really need is a sim- 
ple device programmer and an Assembler pro- 
gram for the controller. The Assembler pro- 
gram is freely available as a download from: 
ftp://www.atmel.com/pub/atmel/asmb51.exe 
ftp://www.atmel.com/pub/atmel/mlasm51.exe 
The figure shows a 5x7 dot matrix displaying 
the character 0. Starting from the top line, If 
you add up the the value of each LED in each 
line which is not lit and add this value to 
OEOhex this produces the seven values for the 
seven lines of the displayed character that you 
will find in the character generator table at 
the end of the punzelek.a51 program code: 








DEFB OF1H, OEEH, OECH, OEAH, OE6H, OEEH, OF1H 


This process is a bit of a slog but it certainly improves your hexadecimal calculation! 


be behaving just like a computer ter- 
minal rather than a stand-alone PC 
(hence the name of this type of pro- 
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gram). A proprietary program such 
as HyperTerminal could be used but 
it is often more interesting and 


instructive to write your own routine. Figure 
4 shows an example program written in 
BASIC, this outputs the character string con- 
tained between the quotes in the line begin- 
ning Z$ via the COM2 port of the PC. The 
message runs from right to left over two cas- 
caded display modules. The part of the pro- 
gram named ‘output loop‘ contains a counter 
value (V) which indicates how many charac- 
ter positions there are in the module. The 
value in this output loop reflects the number of 
modules that are cascaded, this value is 
always a multiple of 6 and in this example 
with two modules the figure is 12: 
FOR ZA = V +1T0V +412 

For three modules this value would be 18, and 
So on. 

The value of ZT in the next part of the pro- 
gram is used to introduce a time delay that 
will control the speed of the characters mov- 
10 ing across the display. A value of 50000 for 
i this delay gives a reasonable appearance 
with our PC but if you are using a newer, 
faster machine it will be necessary to 
increase this value perhaps by a factor of ten 
or even one hundred. 

Finally, we should repeat that the DIP 
switch setting is only read at pow er-on. 
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l CONSTRUCTION 


| E lektor Electronics (Publishing) does not provide parts and components 
| other than pcas, fornt panel foils and software on diskette or ıc (not nec- 
| essarily for all projects). Components are usually available form a number 
Į of retailers - see the adverts in the magazine. 


| Large and small values of components are indicated by means of one of 
J the following prefixes : 


l E (exa) = 1018 a (atto) = 10-18 
l P (peta) = 1015 f (femto) = 10-15 
l T (tera) = 1012 p (pico) = 10-12 
l G (giga) = 109 n (nano) = 10-9 
l M (mega) = 106 u (micro) = 10-6 

k (kilo) = 103 m (milli) = 10-3 
l h (hecto) = 102 c (centi) = 10-2 
l da (deca) = 101 d (deci) = 10-1 


| In some circuit diagrams, to avoid confusion, but contrary to 1Ec and Bs 
recommandations, the value of components is given by substituting the rel- 
evant prefix for the decimal point. For example, 
3k9 = 3.9kQ 4u7 = 4.7 uF 


Unless otherwise indicated, the tolerance of resistors is +5% and their rat- 
l ing is 4-% watt. The working voltage of capacitors is > 50 V. 


In populating a pcs, always start with the smallest passive components, 
l that is, wire bridges, resistors and small capacitors; and then ıc sockets, 
I relays, electrolytic and other large capacitors, and connectors. Vulnerable 
J semiconductors and ics should be done last. 


| Soldering. Use a 15-30 W soldering iron with a fine tip and tin with a resin 
J core (60/40) Insert the terminals of components in the board, bend them 
j Slightly, cut them short, and solder: wait 1-2 seconds for the tin to flow 
smoothly and remove the iron. Do not overheat, particularly when solder- 
ing ics and semiconductors. Unsoldering is best done with a suction iron 
Į or special unsoldering braid. 


| Faultfinding. If the circuit does not work, carefully compare the populated 
] board with the published component layout and parts list. Are all the com- 
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ponents in the correct position? H as correct polarity been observed? H ave J 
the powerlines been reversed? Are all solder joints sound? H ave any wire l 
bridges been forgotten? 

If voltage levels have been given on the circuit diagram, do those mea- l 
sured on the board match them - note that deviations up to +10% from Į 
the specified values are acceptable. I 


Possible corrections to published projects are published from time to time J 
in this magazine. Also, the readers letters column often contains useful p 
comments/additions to the published projects. 








l 

The value of a resistor is indicated by a colour code as follows. l 

l 

l 

l 

! , l 

color 1st digit 2nd digit mult. factor tolerance I 

black - 0 = = I 

brown 1 1 x101 +1% l 

red 2 2 x102 +2% l 

orange 3 3 x103 - I 
yellow 4 4 x104 - 

green 5 5 x105 +0,5% l 

blue 6 6 x106 = I 

violet 7 7 = = I 

grey 8 8 - = I 
white 9 9 = = 

gold i : x10-1 +5% I 

silver - - x10-2 +10% I 

none - - - +20% l 

E xamples: l 

brown-red-brown-gold = 120 Q, 5% | 

yellow-violet-orange-gold = 47 kQ, 5% I 


SSS ee ee 
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